Because RNA can be a carrier of genetic information and a biocatalyst, there is a consensus that it emerged before DNA and proteins, which eventually assumed these roles and relegated RNA to intermediate functions. If such scenario -the socalled RNA World-existed, we may hope to find its relics in our present world. The properties of viroids that make them candidates for being survivors of the RNA World include those expected for primitive RNA replicons: i) small size imposed by error-prone replication, ii) high G+C content to increase replication fidelity, iii) circular structure for assuring complete replication without genomic tags, iv) structural periodicity for modular assembly into enlarged genomes, v) lack of protein-coding ability consistent with a ribosome-free habitat, and vi) replication mediated in some of them by ribozymes, the fingerprint of the RNA World. With the advent of DNA/protein life, those proto-viroids lost some abilities and became the plant parasites we now know.
4 stable linear information store, error correcting because of its double-stranded structure but still capable of mutation and recombination. RNA is then relegated to the intermediary role that it has today ⎯no longer the centre of the stage, displaced by DNA and the more efficient protein enzymes". This enlightening proposal has been extended into an active research field (Atkins et al., 2011) (3) . Implicit in the RNA World idea is the existence of primitive RNA replicons of minimal size that later evolved into more complex self-replicating systems. Are in our present-day world remnants of those minimal replicons? In the following sections we will provide evidence supporting that viroids (and some viroid-related replicons) are excellent candidates for being survivors from the RNA World. But we will firstly summarize the unique properties of these genetic elements pertinent to the present context. In-depth reviews dealing with different aspects of viroids have been published previously (Diener, (30, 31, 32, 43, 44, 45, 65, 95, 125, 129) .
VIROIDS: ESSENTIAL FEATURES

Discovery of a Subviral World
A recurrent situation in science is that unanticipated discoveries entail unanticipated consequences going beyond the initial scheme. Viroids were discovered when attempting to identify the agent of potato spindle tuber (PST) disease, suspected to be a virus. The finding that the PST agent could be transmitted to tomato, easier to grow and expressing symptoms in a shorter time, expedited the experiments and produced the first surprise: after ultracentrifugation of tomato extracts, the infectious principle remained in the supernantant instead of associated with the presumed viral particles -the virions, characteristically formed by protein subunits encapsidating the nucleic acid-expected to accumulate in the sediment. Besides, this infectious principle moved in sucrose gradient centrifugation much slowly than typical virions, and its mobility remained unchanged after deproteinating treatments, indicating that the PST agent might be a naked nucleic acid. This hypothesis was tested with polyacrylamide gel electrophoresis (PAGE): the PST infectious principle migrated as a band, absent in mock-inoculated plants, with the mobility predicted for a minuscule nucleic acid and, more explicitly, for an RNA (because of its sensitivity to RNase, but not to DNase). At this stage the term viroid was proposed for what 5 appeared the first autonomously-replicating subviral agent (Potato spindle tuber viroid, PSTVd) (Diener, 1971; Diener, 1972) (26, 27) . Application of this methodology quikly resulted in discovery of novel viroids as the causal agents of plant diseases of presumed viral etiology, but for which the expected virions had not been identified.
Altogether these studies opened a window onto a subviral world composed of small self-replicating RNAs, overthrowning viruses from the lowest step of the biological scale that they had occupied along the first 65-70 years of the XX th century. It is worth noting that the subviral world, like the viral world, was discovered from studies on plant systems. However, in contrast to viruses, viroids are restricted to the plant kingdom so far, although at least one viroid-related replicon is involved in a human disease (see below).
Structure: Small Circular RNAs with Compact Folding
First of all, how small was PSTVd compared with the genomic RNAs of known viruses? Early estimations inferred from PAGE, corroborated by electron microscopy of purified PSTVd RNA (Sogo et al., 1973 ) (123) , resulted in about 300 nt, a size at least 10-fold smaller than that of the ssRNAs of TMV (6400 nt) and phage Qβ (see above). Moreover, electron microscopy of denatured PSTVd RNA produced a second surprise: the RNA was circular, a feature previously conjectured given its resistance to exonucleases. Together, the small size (corresponding to potential translation products of minimal complexity) and circularity (hampering translation by conventional ribosome scanning from a 5' terminus), suggested that PSTVd was a non-protein-coding RNA. Determination of its 359-nt primary structure by direct RNA sequencing (a milestone in Molecular Biology since it was the first eukaryotic pathogen completely sequenced) confirmed the circular structure and the absence of typical initiation codons (Gross et al., 1978) A genuine prediction of the quasispecies theory that discriminates it from classic population genetics models, is that selection operates on sets of variants from a particular region of the fitness landscape rather than on individual virus variants. As a result, the fitness associated with a specific sequence depends on the average 
Retroviroid-like Elements
There is a second class of plant small circular RNA similar to viroid and viroid-like (20, 68) . This class, dubbed retroviroid-like elements because the homologous DNA is presumably generated by a reverse transcriptase (RT) -pararetroviruses encode such an enzyme-is restricted so far to 10 some carnation sources and it cannot be transmitted horizontally. The presence of hammerhead ribozymes in both polarity strands of this carnation circular RNA supports its replication through a symmetric rolling-circle mechanism, but the lack of horizontal transmission suggests that a supply of transcripts from the DNA form is needed.
Hepatitis delta virus (HDV)
In contrast with the other two, the third class of viroid-related subviral entities has been reported in animals, specifically in humans. With an approximate size of 1680 nt, the RNA of HDV ⎯the smallest genome of an animal virus⎯ occupies in the biological scale of genomic sizes the position immediately above viroids, with which it displays striking structural similarities: circularity and folding into a rod-like secondary structure (Chen et 
WHY VIROIDS AND VIROID-RELATED REPLICONS ARE REGARDED AS SURVIVORS OF THE RNA WORLD? Early Speculations on the Origin of Viroids
Initial ideas suggested that viroids could be "escaped introns", thus descending from host RNAs. This proposal was based on: i) sequence similarities of PSTVd (and other viroids) with group I and II introns, and ii) specific cleavage of viroid oligomeric replication intermediates and their following ligation into circular forms, conceptually resembling cleavage-ligation by which introns are self-spliced (and circularized) of primary transcripts and exons are joined into mature RNAs (Diener, 1981; Hadidi, 1986) (28, 62). Yet, the subsequent finding that the reaction mechanisms were distinct eroded the credibility of the viroid-intron connection. Hereafter we will discuss the evidence that supports Diener's claim, collecting his arguments and supplying others (Fig. 4 : viroids, the oldest replicons?).
First, the intrinsic error-prone replication of primitive RNA systems imposed a limit to the size of their master (predominant) sequences to overcome the "error catastrophe" leading to extinction (Eigen, 1971 ) (34) . Thus, the evolutionary paradigm "the simplest, the oldest", which with some limitations is generally accepted, seems appropriate for viroids because they are the smallest known replicons.
Second, to increase replication fidelity, (G+C)-rich sequences would have been Moreover, modular evolution is more advantageous than direct evolution of large functional molecules because of the higher mutation rates allowed, the shortening of evolutionary times, and the possible emergence of complex structures that could not 
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Yellow and blue colors refer to plus and minus polarities, respectively, with cleavage sites denoted by arrowheads. The enzymes and ribozymes that presumably catalyze the replication steps are indicated. Notice that RNA polymerase II is redirected to transcribe RNA templates and DNA ligase I to circularize RNA substrates. NEP is an abbreviation for nuclear encoded polymerase and HHRz for hammerhead ribozyme. Characteristics of viroids supporting that they may have a very old origin. Per-site mutation rate versus genome size for CChMVd and other biological entities.
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